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3．PATP的组装有利于 PANI的聚合，并对 PANI的结构和形貌有影响。 
 
二、采用循环伏安法在 PATP单分子层上制备了导电 PANI膜： 
1．制备了三种氧化还原态的多孔、絮状结构 PANI 膜，并对其导电性能和光电性
能进行研究。 
2．从部分氧化态 PANI光电流谱得到的 Fowler图，表明 PANI膜具有内光电发射
效应。从 Fowler 图求得的绝缘母体的禁带宽度为 3.33eV。从 Mott-Schottky 图
得到部分氧化态和还原态 PANI在 1.0mol/L HClO4溶液(pH=0.43)的平带电位均





1．TiO2纳米微粒在 PANI 膜上呈紧密结构，并不完全覆盖 PANI 膜，微粒尺寸大
约 100∼ 200nm。 
2．电化学研究表明 TiO2-PANI复合膜只有在低扫描速度时(5mV/s)，才表现出整流
效应；TiO2-PANI 复合膜兼有 TiO2微粒和 PANI 物种的阳极光电流谱带，表现
为复合材料的性质。以 TiO2-PANI 膜为光阳极组成的简单光化学电池有较高的
能量转换效率(最高可达 3.9%)。 
3．利用 Mott-Schottky图得到 PANI 膜上 TiO2微粒膜在 1.0mol/L HClO4溶液中的
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3．ZnO-PANI 复合膜的拉曼光谱和红外漫反射光谱中的 C-N 特征谱带较 PANI 有
不同程度的兰移，表明了 PANI的-NH基团和 Zn2+离子有化学相互作用。 




5．ZnO-PANI 复合膜中 ZnO 微粒具有光电化学纳米效应；ZnO-PANI 复合膜的阳
极光电流谱在 755nm∼ 380nm和 365nm∼ 300nm范围分别出现 PANI物种和 ZnO
微粒的光电流谱带，从 ZnO微粒光电流谱带的阈值能得到部分氧化态 PANI膜
上的 ZnO微粒的禁带宽度为 3.4eV；利用 ZnO-PANI复合膜为光阳极组成光化























2．利用电流脉冲法电沉积在 PATP/ITO 基体上的 CdS-PANI 复合膜和直接在 ITO
上电沉积的 CdS微粒膜具有相似结构α -CdS六方纤锌矿晶型的多晶结构，而






































The Preparation and Characterization of Conducting 
Polymer-Semiconductor Nanoparticle Composite Film 
                                                                                
 
Though there are many methods for preparation, the semiconductor nano-material 
can not be widely used because of its minor size, high surface energy and easy 
aggregation. If semiconductor nano-material is integrated with polymer, the polymer 
can act as a carrier to control the size and distribution of particles and to increase the 
stability. Moreover, the characteristic of particles can be used for material only by 
compounding and assembling with other bulk materials. The polymer gains an 
advantage over other materials in compounding and assembling with semiconductor 
nanoparticles for its well worked ability. The composite film can be widely used as 
novel nonlinear optical material, electroluminescent material, laser amplifier, and so on. 
So the interest in the development of conducting polymer-semiconductor nanoparticle 
composite film has grown exponentially in recent years. 
In this paper, the ρ-aminothiophenol(PATP) film and polyaniline(PANI) film were 
sequential prepared on the surfaces of different substrates by 
electrochemical-assembly(ECA). The dynamic process of self-assembling PATP and the 
surface topography, construction and photo-electrochemical property of PANI were 
studied. Based on the studies of the structure and property of PANI, the TiO2-PANI, 















ECA-electrodeposition and ECA-sol/gel combined techniques. The structure, 
topography and property of these composite film were also studied. The experimental 
techniques used in this work include atomic force spectroscopy(AFM), scanning 
tunneling microscopy(STM), scanning electronic microscopy(SEM), Raman scattering 
spectroscopy (SERS), fluorescence spectroscopy, photocurrent spectroscopy, X-ray 
photoelectron spectroscopy (XPS), electrochemical quartz crystal microbalance 
(EQCM), cyclic voltammetry (CV), etc. Moreover, the PANI nanotubes, ZnO nanowires 
and ZnO-PANI coaxial nanowires and their arrays were synthesized using anodic 
aluminum oxide(AAO) membrance. The topography and property of them were also 
studied. The main results from those studies are summarized as following: 
 
1． The ordered PATP monolayer was obtained on the Au substrate by 
self-assembly: 
(1) The process of the self-assembly of PATP includes adsorption step and restructuring 
step. 
(2) PATP molecules adsorb on Au with standing mode through S-Au bond. 
(3) The assembling of PATP favors the polymerization of aniline and affects the 
structure and topography of PANI. 
 
2．The conducting PANI was obtained on the PATP monolayer by ECA: 
(1) Three redox state PANI with porous and flocculent structure were prepared, and 
their electron transfer and photo-electrochemical properties were also studied. 
(2) The Fowler plots obtained from photocurrent spectra of partially-oxidized PANI 
show that PANI has the internal photoemission effect. The bandgap energy of 
insulating matrix in partially-oxidized PANI is determined as 3.33 eV by the Fowler 
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order of 0.63 V vs. SCE, were obtained from Mott-Schottky plots. The energy band 
scheme of partially-oxidized PANI was also gained. 
(3) A novel model on photoelectrochemical process based on internal photoemission of 
partially-oxidized PANI has been proposed. 
(4) The influence of preparation conditions on the performance of PANI film was 
primarily discussed. 
 
3．The TiO2-PANI composite film was prepared by the ECA-electrodeposition 
combined technique: 
(1) The TiO2 nanoparticles with close structure and the size of 100∼ 200nm almost 
completely cover the PANI film. 
(2) A strong rectifying effect was found in the CV of the TiO2-PANI composite film in 
the dark only when the scan speed was slow (5mV/s). The TiO2-PANI composite 
film with two anodic photocurrent bands ascribed TiO2 particles and PANI expresses 
the property of composite material. The cells based on photoanode of TiO2-PANI 
composite film has rather high energy conversion efficiency(3.9%). 
(3) The flat-band potential, in the order of -0.15 V vs. SCE for TiO2 nanoparticles on the 
PANI film in 1.0 mol/L HClO4 solution, was obtained from Mott-Schottky plots. 
The doping concentration of TiO2 nanoparticles on the PANI film is 9.1×1019cm-3. 
Based on the photoelectrochemical model of PANI, the photoelectrochemical 
process of TiO2-PANI composite film was interpreted  
(4) The heating temperature influence the photoelectric property of the composite film 
and the optimum temperature is founded to be 150°C. 

















4．The ZnO-PANI composite film was prepared by the ECA-sol/gel combined 
technique: 
(1) The preparing conditions influence the size, light absorption and fluorescence of 
ZnO colloidal particles. 
(2) The structure and topography of ZnO nanoparticle film on the PANI film is similar 
to that of ZnO nanoparticle film on Au, which has the nano-structure of homogenous, 
compact and porous. The porous structure of PANI can suppress the aggregation of 
ZnO colloidal particles. The ZnO particles with about 10nm size have a crystal 
structure of hexagonal wurtzite phase. 
(3) The band shift of C-N in the SERS and IR spectra when compared with the spectra 
of bare PANI film shows the chemical interaction between –NH groups of the PANI 
and Zn2+ ions. 
(4) The minor size of ZnO nanoparticles and the new surface states result in the blue 
shift of band position in the fluorescence spectra of ZnO-PANI composite film. The 
fluorescence intensity of ZnO-PANI composite film is more intensive when 
compared with that of ZnO film. The aging time and species on the surface of ZnO 
colloidal particles influence the properties of ZnO-PANI composite film. 
(5) ZnO nanoparticles in the ZnO-PANI composite can produce photoelectrochemical 
nanometer effect. There are two bands in the anodic photocurrent spectra of the 
ZnO-PANI composite film, which can be ascribed to the photocurrent band of the 
PANI and ZnO nanoparticles, respectively. The bandgap energy of ZnO nanoparticle 
film on partially-oxidized PANI is determined as 3.4eV by the threshold energy of 
its photocurrent band. The cell based on photoanode of the ZnO-PANI composite 
film has high energy conversion efficiency of 1.2%. The photoelectrochemical 
process of ZnO-PANI composite film was interpreted. 
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5．The CdS-PANI composite film was prepared by the ECA-electrodeposition 
combined technique: 
(1) Contrasted with prepared by constant current deposition, CdS nanoparticle film 
prepared by current impulse method has thinner thickness and minor packing size. 
CdS nanoparticle film on PATP monolayer prepared by current impulse method 
shows a highly oriented rod array. The width and number of impulse influence the 
pattern and structure of CdS nanoparticle film. 
(2) CdS-PANI composite film on PATP/ITO and CdS nanoparticle film on ITO has a 
polycrystal wurtzite structure of α-CdS hexagonal phase. But CdS nanoparticle film 
on PATP has a single crystal wurtzite structure of α-CdS hexagonal phase. Both 
polycrystalline and single crystals of rod have c-axis orientation. 
(3) The absorbance spectra of CdS nanoparticle film and CdS-PANI composite film 
have disruptive structure and the absorption onset of them is blue shifted in 
comparison with that of bulk material, which can be attributed to size quantum 
effect. PANI can influence the absorbance and fluorescence spectra of CdS 
nanoparticle film. 
(4) CdS nanoparticles in the CdS-PANI composite film have a photoelectrochemical 
nanometer effect. The anodic photocurrent spectra of the CdS-PANI display both the 
photocurrent spectra of PANI and CdS particles. For the effect of PANI, the 
absorbance and fluorescence spectra of CdS nanoparticle film have a blue shift and 
higher intensity. 
 
6．The PANI nano-tubules, ZnO nanowires, ZnO-PANI coaxial nanowires and 
their arrays were synthesized using anodic aluminum oxide(AAO): 
(1) The diameter of the pores in the AAO is about 60nm. The AAO has unique 
properties characterized by its honeycomb structure and ordered pores with a line 
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